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Method and Device for Planning a Radiation Therapy 



Technical Field 

The disclosed devices and methods relate to the field of radiation therapy planning 
(RTP). In particular, the disclosed devices and methods relate to a method of planning a 
radiation therapy, to a radiation therapy planning device and to a computer program for a 
radiation therapy planning device. 

5 

Background of the Disclosed Devices and Methods 

Radiation Therapy Planning (RTP) may be carried out using a computed 
tomography (CT) image of a patient that is acquired prior to an actual radiation treatment 
of the patient Radiation planning systems usually require data regarding contours of the 
10 target volume of a patient containing, for example, a tumour, and of the healthy, at-risk 
organs which have to be spared during dose delivery. Using this contour data, which are 
delineated by manual or semi-automatic contouring methods, a dose distribution is 
calculated for the structures of interest and the optimal parameters of radiation treatment 
beams are computed 



15 



Dose calculations can lose accuracy during the treatment process because of shape 
and position changes of die organs occurring from certain physiological processes, such as 
bladder filling, increases or decrease of the tumour sizes, breathing, heartbeat, or other 



20 

Summa ry nf the Disclosure 

It is an object of the presently dislosed devices and methods to provide for an 
improved radiation therapy planning. 

25 A method of planning a radiation therapy is provided, wherein a dose distribution 

for a target volume comprising an object of interest is determined on the basis of a first 
image. Then, at least one of a shape and position variation of an object of interest in the 
target volume is determined on the basis of the first image and a second image. The dose 
distribution is then adjusted on the basis of the at least one of shape and position variation 
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of the object of interest. The first and second images were taken at different points in time 
of a radiation treatment. 

An initial dose distribution may be determined on the basis of a first image, which 
5 is, for example, taken before the start of the actual radiation treatment Then, for example, 
after a plurality of dose deliveries or after a certain time or before a subsequent dose 
delivery, a second image is taken. Shape and/or position changes of the object of interest, 
such as the organs, between the first and second images, are determined Then, the 
distribution is adjusted on the basis of the shape and/or position variation. 

10 

A radiation therapy planning may be provided allowing for an improved dose 
estimation for the target volume. This allows for an improved tumour control. Further, the 
dose calculation may be automatically adjusted taking into account changes to a patient's 
anatomy. 

15 

A first surface mesh is applied to the object of interest in die first image and is 
adapted to the surface of the object of interest, which results in a second surface mesh. 
This second surface mesh is applied to the object of interest in die second image and is 
adapted to the surface of interest in the second image. This adaptation of the second 
20 surface mesh to the object of interest results in a third surface mesh. Then, a difference 
between the second surface mesh and the third surface mesh is determined. 

A method is provided for determining the contours of the object of interest in the 
target volume. By using such a surface mesh adaptation, an automatic organ delineation 
25 may be provided. 

A volumetric model of the object of interest, such as one or more organs, is 
determined on the basis of the second surface mesh. Then, the volumetric model is 
deformed on the basis of the difference, for example, shape and/or position changes of the 
30 organs between the first image and the second image. The deformation of the volumetric 
model results in a deformed volumetric model. The shape and/or variation® of the object 
of interest is interpolated into the volumetric model. The difference, i.e., the shape and/or 
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position variation of the object of interest is used as a boundary condition for the 
deformation of the volumetric model. At least one of shape and position variation of the 
object of interest is determined on the basis of the deformed volumetric model. 

5 The dose calculation is adjusted, taking into account changes of the object of 

interest between the first and second image, for example, changes in the patient's anatomy 
occurring during the time between the first and second images. 

A model of the biomechanical tissue-properties is taken into account for the 
10 deformation of the volumetric model. A combination of surface meshes and a 

biomechanical, volumetric model is used for a very accurate and automatic radiation 
therapy planning. In particular, the adapted surface meshes are used as a boundary 
condition for the deformation of the biomechanical, volumetric model. 

15 A shape and/or position variation of the object of interest is determined. The object 

of interest may, for example, contain a plurality of organs, each having different 
mechanical characteristics. The biomechanical model takes these different mechanical 
characteristics into account when the shape and/or position variation of the object of 
interest determined on the basis of the surface meshes is used to deform the biomechanical, 

20 volumetric model accordingly. This allows a treating individual to more accurately take 
into account non-rigid changes occurring in the patent's anatomy during the radiation 
treatment The first and second images may be computed tomography (CT) images. 
Alternatively, die procedure is possible with magnetic resonance imaging (MRI) images. 

25 A radiation therapy planning device is provided comprising a memory for storing 

the first and second images and a processor performing a dose distribution adjustment on 
the basis of at least one of a shape and position variation of the object of interest between 
the first image and the second image. A radiation therapy planning device may be 
provided allowing for a fast and accurate radiation therapy planning which may be 

30 performed automatically. Changes in the patient's anatomy are taken into account for 
determining die dose distribution. 
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A computer program is provided for a radiation therapy planning device which 
allows for an automatic dose distribution determination by a combination of surface 
meshes applied to the object of interest in at least two subsequent images. By such a 

5 combination of a segmentation and a registration, an improved radiation therapy planning 
may be provided which may allow to reduce a dose applied to healthy (risk) organs. This 
computer program may be written in any suitable programming language; such as C++ and 
may be stored on a computer-readable device, such as a CD-ROM. However, the 
computer program may also be presented over a network, such as the Internet, from which 

10 it may be downloaded or run. 

Brief Description of the Drawings: 

Devices and methods related to planning a radiation therapy for a patient are 
disclosed and discussed with reference to the following drawings: 

15 

Figure 1 is a schematic representation of a radiation therapy planning device 
adapted to execute a method as disclosed herein. 

Figure 2 is a flow diagram of a method of radiation therapy planning. 

20 

Detailed Description 

Figure 1 shows a simplified schematic representation of a radiation therapy 
planning device. In Figure 1, a Central Processing Unit (CPU) 1 is configured to execute 
instructions to cany out a method related to radiation therapy planning. CPU 1 may be a 

25 general purpose processor such as that found in a typical personal computer, or it may be 
an application-specific integrated circuit (ASIC). The instructions executed by CPU 1 
assist a user in the planning of a radiation therapy with respect to an object of interest in a 
target volume. The target volume is usually an area within a patient containing a 
cancerous tumour or other structure that will be irradiated as part of die therapy being 

30 planned. 

The target volume may comprise a plurality of other, smaller objects, such as 
different organs such as the bladder, die heart, or another organ- Usually, in cases where a 
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radiation therapy is performed with respect to such target volumes, a tumour is located 
between or close to such organs. The object of most radiation therapies is usually to focus 
dosages of radiation onto the tumour while minimizing exposure to healthy at-risk organs 
adjacent to the tumour. 

5 

The CPU 1 is connected to a memory 2 for storing images. Memory 2 can be 
volatile memory such as dynamic random-access memory (DRAM), or a non-volatile 
memory device such as Flash memory or a disk drive. Other suitable devices capable of 
storing information for later retrieval and use may be used as the memory 2. In particular, 

10 in the memory 2, there are stored a first image taken at a first point in time of a radiation 
therapy process and a second image taken at a subsequent point in time. For example, the 
first image may be taken before the start of the radiation treatment An initial radiation 
dose distribution is determined on the basis of information contained in this first image. 
Then, during the radiation treatment, for example, after a plurality of radiation treatments 

15 or before another immediate radiation treatment, a second image is created. Variations in 
the patent's anatomy, such as shape and/or position changes of the organs in the target 
volume, are determined from a comparison of the first image and the second image and the 
dose distribution is automatically adjusted to take into account noted changes in the 
patient's anatomy. 

20 

As may be taken from Figure 1, the processor may, furthermore, be connected by a 
bus system 3 to a plurality of peripheral devices or input/output devices which are not 
depicted in Figure 1. For example, the CPU 1 may be connected to a magnetic resonance 
(MR) device, an ultrasonic scanner, a plotter, a printer or other appropriate device via the 
25 bus system 3. Preferably, for radiation therapy planning, the CPU 1 is connected to a CT 
scanner that acquires the first and second images. More than two images may be used if 
necessary of desirable. 

The CPU 1 is operatively connected to a display, such as a computer screen 4 for 
30 outputting the initial dose distribution and/or the adjusted dose distribution in a human- 
readable format Furthermore, an input device such as keyboard 5 may be provided and 
operatively connected to the CPU 1, by which a user or operator may interact with the 
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therapy planning device depicted in Figure 1 or may input data necessaiy or desired for the 
radiation therapy planning. 

Figure 2 is a flow diagram of a method of operating the radiation therapy planning 
5 device depicted in Figure 1. The disclosed method of planning a radiation therapy may be 
embodied in a computer program, which may be written in any suitable programming 
language, such as C++ and may be stored on a computer-readable medium, such as a CD- 
ROM. However, the computer program according to the present invention may also be 
presented over a network, such as the Internet, from which the program may be 
10 downloaded. 

The disclosed method takes into account the possibility that a dose distribution that 
was initially determined on the basis of a CT image taken before the actual start of the 
radiation therapy may need to be adjusted to accommodate changes in shape or position of 
15 organs due to certain physiological processes, for example, bladder filling, increase or 
decrease of the tumour size, breathing, heartbeat, or another process. Ideally, the dose 
distribution is individually adjusted for each day of treatment The dose calculation is 
automatically adjusted taking into account changes in the patient's anatomy from one day 
to the next For this adjustment, new CT images should be taken for each day of treatment 

20 

In Figure 2, two CT images are used for adjusting die dose distribution. The first 
CT image is referred to as initial CT image 12 and the second image is referred to as new 
CT image 14. Preferably, die initial CT image 12 is taken before die start of the radiation 
therapy treatment and new CT image 14 is then taken during the treatment process, for 
25 example, right before a subsequent radiation treatment 

Boundaries of a patient's organ structures in die target volume are delineated. The 
delineation of the organ boundaries in the initial CT image 12 may be performed manually 
or semi-automatically. Preferably, 3D surface models are used for performing an 
30 automated organ boundary delineation. A suitable process for performing a delineation is 
described in "Shape Constrained Deformable Models for 3D Medical Image 
Segmentation" by J. Weese et al, Proc. Information Processing in Medical Imaging (IPMI 
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'01), at pages 380-387, Los Angeles, CA, USA, June 2001, which is incorporated by 
reference. 

In accordance with the application of 3D surface models, a surface mesh, such as a 
triangular mesh, is applied to the organs in the initial CT image 12. This process is 
5 sometimes referred to as adaption. It should be noted that instead of triangular meshes, it 
is also possible to use simplex or polygonal meshes or other suitable surface or shape 
models. Then, this surface mesh is adapted to the surface of the organs in the initial CT 
image 2 by energy minimization. 

10 A deformable model is represented by a mesh. The mesh includes V vertices with 

coordinates x, and T triangles. An iterative process adapts the mesh to an image. Each 
iteration includes a step to detect a surface and a step to reconfigure the mesh. The 
reconfiguration is accomplished by minimizing the equation 



15 E = E e(t t+GBint- 

Eext represents external energy. This drives the mesh toward surface patches previously 
detected Em represents internal energy. Internal energy restricts the flexibility of the 
mesh, a provides a weight on the relative influence of each term. 

To detect a surface, a search is performed along the triangle normal 711 to find the 
20 point ®* (x-bar sub i) with a combination of features that includes ^ and distance 
^ to the triangle's cento: (x-caret sub i) such that: 



Xi - Xi + n^axg . max {Fi(x € + m&j) - &#*f} 

js— ! y ... ,l 

25 Hie profile length of the search is represented by /, ^ is the distance between two 

successive points, and D controls the weighting of the distance information and feature 
value. A feature that can be used is 
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5 



where the function - : is the image gradient at point x . 

External energy represented as 
T 

Ben m £ u>i (Sn - xif , ipi - max {0, *t) a } 

can be used. In this case, detected surface points directly attract the triangle centers of the 
mesh. To diminish die influence of attraction to false object boundaries, which may be 
frequently detected at the beginning of the adaption process, centers of die triangles can be 

attracted by planes that are perpendicular to die image gradient at (x-tilde sub i): 



10 



Internal energy is introduced into the shape model that is represented by a mesh of 
triangles such that 



15 

Af 



where represents vertex coordinates of the mean model. Variation of the 

coordinates associated with the M eigenmodes of the model is represented by 1 . 

20 Weights of the eigenmodes are represented by . Difference vectors for die deformable 
model and the shape model are then compared with deviation penalization: 
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Eint = 




4=1 i6W) \ V fc=i 



where contains the neighbours of vertex i. 

After or parallel to the determination of a surface mesh representing the shape 
and/or position of the organs in the initial CT image 12, a delineation of the boundaries of 
5 these organs is performed in the new CT image 14. Preferably, the segmentation result of 
the initial CT image, the surface mesh adapted to the organ surfaces in the initial CT image 
12, is used as a starting mesh in the new CT image 14. Then, this starting mesh is adapted 
to the organ surfaces of the organs in the new CT image 14 by energy minimization as 
described above. 



After the adaptation of the surface mesh to the organ surfaces in the new CT image 
14, two surface meshes are known representing the organ surfaces in the initial CT image 
12 and in the new CT image 14. The first mesh representing the organ surfaces in the 
initial CT image 12 is referred to in Figure 2 as surfacel and the second mesh representing 

15 the surfaces of the organs in the new CT image 14 is referred to surface2 in Figure 2. In a 
subsequent step, a difference between the surfacel and the surface2 is determined. In other 
words, correspondences between the surfacel and surface2 are determined. For this, the 
initial CT image 12 and the new CT image 14 or the surfacel and surface2 are brought into 
a common co-ordinate system. Because surfacel and surface2 were determined by using 

20 the same surface model, point correspondences between surface 1 and surface 2 may be 
determined easily. 

A volumetric mesh is generated from the surfacel in the initial image. This 
volumetric mesh is now deformed using the point correspondences obtained from the 
25 comparison of surfacel and surfacel The deformation of the volumetric mesh is 
determined by taking into account mechanical properties of the organs, by using one or 
more biomechanical models. The use of biomechanical models is, for example, described 
in D. Yan et al, "A Method for Calculating Dose in a Deforming Organ," Int J. Radiat 
Oncol., Biol., Phys., 44, pages 665-675, 1999, which is hereby incorporated by reference. 



10 



30 



-9- 



Express Mail # ER 556413488 US 



PHUS030326USP 



An example for a simple and efficient biomechanical model is described in the 
following: Let V be a 3D domain occupied by the organ of interest and S be the organ 
boundary. A boundary value problem describing a linear elastic deformation of the organ 
can be formulated as: 



described in P. G. Ciariet, "Mathematical Elasticity, Volume 1: Three-Dimensional 
10 Elasticity, volume 20 of Studies in Mathematics and its Applications." North-Holland, 
Amsterdam, 1988, which is hereby incorporated by reference. f(x) are the applied forces. 
u(x) denotes the displacement field, where <l(x) are the prescribed displacements on the 
boundary determined by using the surface meshes. A discretization of the above formula 
on the volumetric mesh by the finite element method results in a linear system of 
15 equations. Prescribed displacements can be included into the system as boundary 
conditions to constrain the resulting volumetric deformation. According to an aspect of the 
present invention, these boundary conditions correspond to the point correspondences 
between the surfacel and surface2. 

20 Elastic properties of particular tissues can be assigned to individual tetrahedra in the 

3D mesh to more exactly simulate the elastic behaviour of an organ or organs. If the organ 
deformation is large and cannot be adequately described by the linear model, a non-linear 
elastic model in the form of incremental deformation may be applied. 

25 As a result, advantageously, displacements of individual nodes inside the organ 

may be computed. During radiation treatment, dose estimation in the volume of interest 
can be performed taking into account variations or changes of the patient's anatomy based 
on these computed displacements. This estimation is then used to predict the dose delivery 
and helps to correct the initial treatment plan. 



5 




j A(u) = f (x) in V, 
u(x)=u(x) on S. 



In the above formula, A(u) denotes the operator of linear elasticity, as, for example, 



30 
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As described above, a combination of a segmentation and a registration is applied 
to take variations in the patient's anatomy during the radiation treatment into account to 
adjust the dose distribution and dose delivery estimation. This is achieved by combining a 
surface matching method with a biomechanical, volumetric model. In particular, the result 
5 of the surface method is used as boundary condition for the biomechanical, volumetric 
model 

Advantageously, due to the above method, the dose delivery during die treatment 
process may be monitored. For each point in time, where an image was taken, due to the 
10 above method, the precise dose distribution can be determined. In other words, for each 
relevant point in time of the treatment, and for each point of interest in the target volume 
(risk organs) the dose delivered can be determined. This may be done by summing the 
dose during each dose delivery to respective points. 

1 5 The invention disclosed herein is defined by the claims read by a person of ordinary 

skill in the art in light of the disclosures made in the specification. Modifications of and 
alterations to the materials disclosed herein Will occur to others upon reading and 
understanding of the preceding detailed description. It is intended that the invention be 
construed as including all such modifications and alterations insofar as they come within 

20 the scope of the appended claims or the equivalents thereof. 
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We claim: 

1 . A method of planning a radiation therapy, the method comprising the steps o£ 

determining a dose distribution for a target volume on the basis of a first image; 

determining at least one of shape and position variation of an object of interest in 
the target volume between the first image and a second image; and 

adjusting the dose distribution on die basis of the at least one of shape and position 
variation; 

wherein the first and second images where taken at different points in time of a 
radiation treatment process. 

2. The method of claim 1, further comprising the steps of: 

applying a first surface mesh to the object of interest in the first image; 

performing a first adaptation of the first surface mesh to a surface of the object of 
interest in the first image resulting in a second surface mesh; 

applying the second surface mesh to the object of interest in the second image; 

performing a second adaptation of the second surface mesh to the surface of the 
object of interest in the second image resulting in a third surface mesh; and 

obtaining a difference between the second surface mesh and the third surface mesh. 

3. The method of claim 2 further comprising the steps of: 

generating a volumetric model of the object of interest on the basis of the second 
surface mesh; and 

deforming the volumetric model on the basis of the difference resulting in a 
deformed volumetric model. 

4. The method of claim 3, 

wherein the difference is used as a boundary condition for the deformation of the 
volumetric model. 
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5. The method of claim 3, 

wherein the at least one of shape and position variation of the object of interest is 
determined on the basis of the deformed volumetric model. 

6. The method of claim 3, 

wherein a biomechanical model is taken into account for the deformation of the 
volumetric model. 

7. The method of claim 1, wherein the first and second images are computed tomography 
(CT) images. 
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8* A radiation therapy planning device, comprising: 

a memory for storing a first image and a second image; and 
a processor adapted to perform the steps of: 

determining a dose distribution for a target volume on the basis of the first 

image; 

determining at least one of shape and position variation of an object of 
interest in the target volume between the first image and the second image; and 

adjusting the dose distribution on the basis of the at least one of shape and 
position variation; 

wherein the first and second images where taken at different points in time of a 
radiation treatment process. 

9. The radiation therapy planning device of claim 8, wherein the processor is further 
adapted to perform the steps of 

applying a first surface mesh to the object of interest in the first image; 

performing a first adaptation of the first surface mesh to a surface of the 
object of interest in the first image resulting in a second surface mesh; 

applying the second surface mesh to the object of interest in die second 

image; 

performing a second adaptation of the second surface mesh to the surface of 
the object of interest in the second image resulting in a third surface mesh; 
obtaining a difference between the second surface mesh and the third 

surface mesh; 

generating a volumetric model of the object of interest on the basis of the 
second surface mesh; and 

defonning the volumetric model on the basis of the difference resulting in a 
deformed volumetric model 
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10. The radiation therapy planning device of claim 9, 

wherein the difference is used as a boundary condition for the deformation of the 
volumetric model; and 

wherein a biomechanical model is taken into account for the deformation of the 
volumetric model 
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1 1 . A computer program for a radiation therapy planning device, wherein a processor of 
the radiation therapy device performs the following operation when the computer program 
is executed on the processor 

determining a dose distribution for a target volume on the basis of a first image; 

applying a first surface mesh to the object of interest in the first image; 

performing a first adaptation of the first surface mesh to a surface of the object of 
interest in the first image resulting in a second surface mesh; 

applying the second surface mesh to the object of interest in the second image; 

performing a second adaptation of the second surface mesh to the surface of the 
object of interest in the second image resulting in a third surface mesh; 

obtaining a difference between the second surface mesh and the third surface mesh; 

generating a volumetric model of the object of interest on the basis of the second 
surface mesh; 

deforming the volumetric model on the basis of the difference resulting in a 
deformed volumetric model; and 

adjusting the dose distribution on the basis of the deformed volumetric model; 

wherein the first and second images where taken at different points in time of a 
radiation treatment process. 
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Abstract 

A method and apparatus for planning a radiation therapy are disclosed. A radiation 
dose distribution is adapted on the basis of shape and position variations of the organs of 
interest determined from a comparison of a first image and a second image which were 
taken at different points of time during the radiation treatment process. 



26726.1 
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